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The COMPASS Broadband Trials

Thispaper describes AT&T Network Systems broadband trials, theirobjec­
tives, technologies, services, applications, and results for each. Thefive
US WEST COMPASS trial projects were conducted inthe areas ofnarrow­
band Integrated Services Digital Network (ISDN), executive desk-top video­
phone, switched digital signal level 1 (DSl) , Switched Multimegabit Data
Service (SMDS), and broadband ISDN (BISDN) / asynchronous transfer mode
(ATM). We emphasize what hasbeen learned from thesetrials about broad­
band technologies, services, and applications.
Introduction

In early1991, AT&T Network Sys­
tems,USWEST, and two other switch ven­
dors begana three-year program to test vari­
ous aspectsofbroadband communication.
USWEST anticipated the need to gainan
understanding ofthe applications, markets,
and technologies associated with high-speed
communications. Although it would be sev­
eralyearsbefore BISDN prototype systems
would be available fortrials, the Communica­
tionsProgram forAdvanced Switching Ser­
vices (COMPASS) wasstructured to allow
immediate trialactivities to test marketsand
applications usingavailable technologies.
(See Panel 1fordefinitions ofabbreviations,
acronyms, and terms.) Final trialactivities
would use a BISDN/ATM prototype systemto
test two applications. AT&T played a critical
role ineachofthe five-step series oftrials.
This paperpresentsan overview ofthe COM­
PASS program, AT&Ts rolein each trial, and
the resultsobtained from its participation.
The firstfourprojects are described briefly,
and the final project is discussed in detail.

Background
Simply stated, the mission ofCOMPASS

was: To understand customer broadband appli­
cation needs andto define equipment andser­
vice requirements to meet those needs. Poten­
tialapplications wereclassified infourgeneral
categories:
- Video - Educational, interactive, and

desk-top;

- High-speed image transfer - Business
graphics, medical imaging, scientific visual­
ization, andcomputer-aided design, manu­
facture, andengineering (CAD/CAM/CAE);

- Computer networking - Host-to-host, and
local area network (LAN) bridging; and

- Multimedia access- Integrated worksta­
tionssupporting video, voice, data, and
image simultaneously.

Because no true broadband (155
megabits per second, or Mbits/s) switching
equipment would be available fortrials until
1993, the COMPASS program beganusing
available technologies to test applications as
early as 1991. Five trialprojects were
designed: high-speed datanetworking (using
narrowband ISDN), executive desk-top video­
phone, switched DSI (also known as DSI Dial­
tone),SMDS (later expanded to include frame
relay), and BlSDN/ATM (seeTableI).

AT&T supported allfive trials. The
activities and information gained as a resultof
each trialare described as follows.

Project 1 - HIgh-Speed Data Networking
The firstapplication thatAT&T tested

with USWEST waselectronic image acquisi­
tion and delivery. Usersincluded MBA stu­
dents and their instructors at the Carlson
School ofManagement, partofthe University
ofMinnesota. Images werestoredinan IBM
AS/400 computer andaccessed byworksta­
tionsconnected to ISDN lines. No new switch­
ingequipment wasrequired, because
USWEST had 5ESS® electronic switches
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with ISDN capability deployed in Minneapolis.
The users found this ISDN application extremely

useful. Even at 64kilobits per second (kbits/s), transmis­
siontimesofimages weresatisfactory. Mostofwhat was
learned pertained to difficulties insupporting ISDN: ubiq­
uity ofservice, priceofservice, support personnel and
systems, and salessupport. Although this trialwascon­
sidered a successby its users, USWEST rediscovered
many ofthe samedifficulties insupporting ISDN that had
been found elsewhere.

Project 2 - Executive Desk-Top Videophone
Usersin the secondtrialproject werehigh-level

executives within USWEST. Agroupofusers who talk
to eachother frequently weregiven a colorPicturephone­
style service.

The system was designed and developed based
on a prototype ISDN switch. Special terminals that pro­
vided eyecontact werealsobuilt. These "eye-to-eye" ter­
minals used a system ofmirrorsto permiteye contact
and provide life-size video. AT&T ISDN 7507 Display Ter­
minals provided dialing, speedcalling, audio, andcall
control features, allofwhich werebasedonvoice calling.
Split-screen, three-way calling (conferencing) wasalso
included. Reference 1contains moreinformation about
this trial system.

Two phasesofthis trialwere run. In the first
phase, 10users in two cities (Denver and Minneapolis)
were connected using45-Mbit/s video lines. The second
phase, which included 25users distributed among five
cities, used384-kbit/s compressed video. Figure 1
depicts the network architecture.

Welearned important information from this
trial. In general, users in Phase 1- which featured full
motion, life-size, high-quality video with no perceptible
delay, using45-Mbit/s video transmission - reacted
verypositively. Easeofsystemuse was important to
them, as well as the eye-to-eye contact, which some
statedwasan absolute requirement. Having life-size
video gave the users the feeling ofbeingin the same
room. The half-duplex audio wasfrequently mentioned
as a negative aspectofthe equipment, evenmorepreva­
lently in Phase2.Almost allexecutives used their ISDN
7507 speakerphones, rather than their handsets. There­
fore, audio conversations werelimited to whatwehave
available in mostoffice environments today. Wecon­
cluded that when a new, high-quality video service is
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Panel1. Abbreviations, Acronyms, andTenn.
ATM - asynchronous transfermode
BISON - broadband ISDN
BRI - basicrate interface (ISDN)
CAD - computer-aided design
CAE - computer-aided engineering
CAM- computer-aided manufacture
CBR - constantbit rate
COMPASS - Communications Program forAdvanced

Switching Services
CPE - customerpremises equipment
CSU - channel service unit
DACS _.Digital Access and Cross-Connect System
DSl .; digital signal level 1
DSU - digital service unit
FOOl - fiberdistributed datainterface
HSSI - high-speed serialinterface
ISDN - Integrated Services Digital Network
kbit(s)/s - kilobit(s) per second
LAN -local area network
IEC -local-exchange carrier
Mbit(s)/s - megabit(s) per second
NTSC - National TelevisionSystemCommittee
OAM&P - operations, administration, maintenance, and

provisioning
PRJ - primary rate interface
PVC - permanent virtual circuit
SMDS --"7 Switched Multimegabit DataService
SONET - synchronous optical network
S'fS.3C - Synchronous TransportSignal, level 3con-

catenated
SVC - switched virtual circuit
TA - terminal adapter
VBR - variable bit rate
VCI - virtual circuit identifier

offered, today's standard ofhalf-duplex speakerphone
audio will no longerbe acceptable to users.

Phase1system users wanted the ability to trans­
fer documents or, at least, to support a separate docu­
mentcamera. Some users wanted their secretaries to be



Table I. AT&T/U S WEST COMPASS Projects

Applications

COMPASS Image AudiolVideo IAN SONET/ATM
Project TImeframe Technology Speed Delivery Conferencing Interconnect Networking

1 4Q91-2Q92 Narrowband ISDN 64kbits/s ..J

2 2Q91-1Q92 PRJ, DS3 384kbits/s, 45Mbits/s ..J

3 4Q91-4Q92 DSI 1.5Mbits/s ..J ..J

4 4Q91-2Q92 SMDS. frame relay s 45Mbits/s ..J ..J

5 3Q93-1Q94 BISDN/ATM $155 Mbits/s ..J ..J ..J ..J

ableto answer theirvideophone calls. Finally, office
lighting wasdiscovered to be an unexpected, frequent
difficulty, becausecameras do notperform well inan
environment with strongbacklighting.

Whencompressed video wasintroduced, Phase
2 ofthe videophone trialuncovered the mostsignificant
problem. Codecs, which use signal compression and
decompression techniques, inserted so muchdelay from
the time oneuser spokeuntilthe other user sawand
heard the conversation that the service wasdeemed
unacceptable. This occurred despite the fact that wepro­
vided lipsynchronization bydelaying the audio to match
the video display. Even whentests wererun with higher­
speedcodecs (upto 1.5 Mbits/s), the delays wereper­
ceived as unacceptable. Because allcodecscomplied
with the H.261 teleconference standard," this implied
that highly compressed video, which is·based on current
teleconferencing standards, will probably neverbe
acceptable to users who want to replace face-to-face con­
versations with videophone calls. H.261 may only be
acceptable fordesk-top video whenit is an inexpensive
addition to desk-top multimedia, inwhich the video is
incidental to the communication.

Project 3 - Switched 051
The concept behindProject 3 wasto provide a

service ofdialable DSI connections modeled aftervoice
calling. Just as wecan makevoice callstoday to virtually
anyphone, a switched DSI user wasableto callanyother
switched DSI user.DSI callswereset up usinga standard
ISDN set Figure 2 shows a diagram ofthis trial.

Switched DSI service enabled customers to
transmit a medical image from several remotesites that
had image acquisition equipment to a single central site

whereimages werestoredand usedfordiagnostics.
Although the service wasextremely reliable andworked
as planned, this customer found the service unsatisfac­
tory. Call setuptimeswerecomparable to voice-call
setuptime, but users found the extrastepofdialing a
connection objectionable because theywereaccustomed
to dedicated Tllines, which requirenocallsetup. The
other,far moreserious, problem wasthat users would
frequently forget to disconnect a callaftercompleting
their image transmissions. This caused other sites to
encounter busysignals whentrying to place a DSI call to
the central site.

These two major problems could be partially
addressed bybuilding allthe calldialing anddisconnect
logic that transmitted the image intothe computer soft­
ware. Butproviding the telecommunications service
alone is not sufficient to satisfy users.Thiscustomer
laterbecame a Project 4 (SMDS) user, andfound that ser­
vice entirely acceptable because, even though the effec­
tive transmission rate was lower than DS1, it operated
morelikea dedicated facility.

The second application test ofswitched DSI was
videoconferencing. For this application, which is charac­
terized bycalls with longholding time, the operational
problems noted in the earlierapplication didnotoccur.
Usersequatesettingupa videoconference call with set­
tingupa voice conference, so the dialing mechanism was
satisfactory. However, many videoconferencing users felt
that a full DSI ofbandwidth would be tooexpensive for
videoconferences, which usually are transmitted at 384
kbits/s. Therefore, customer demand reinforced the
needforfractional Tl capability.

Whatwegained from the switched DSI trial was
the knowledge that switching a full Tl pipe wasnot, by
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Rgure 1. Project 2 - Executive desk-top videophone trial
network. In phase 1, 10 users were supported In Denver and
Minneapolis, using DS3 for video. In phase 2, 25 users In 5
cities were supported using 384-kblt/s compressed video.

Project 4 - SMDS and Frame Relay
The fourthCOMPASS project involved supporting

public network servicesfor interconnecting lANs. Users
on separate lANs wanted to be ableto operateas if they
wereworking on the same lAN. Twoapproaches to
address this need haveevolved in the data communica­
tionsworld: SMOS and frame relay. These twoservices
weredeployed for trial in COMPASS usingAT&TsBN5-

2000 high-speed data switch (see Figure3). The BN5-2000
can accommodate both SMOS and frame relayservices
simultaneously in the same switch, so both services and
multiple applications could be supported duringthe trial.

This trialwasso successful that, before it was
completed, US WEST wasconvinced that a public offer­
ingof lAN interconnect data services shouldbe made.
Duringthis trial, we observed that:
- Customerpremisesequipment (CPE) that interfaces

withframe relayand SMOS worked satisfactorily with
the BN5-2000

- SMOS provided an effective maximum throughputof
1.2 Mbits/s overT1 access

- Bothframe relayand SMOS services could be viable for
USWEST.

Aswe noted in the discussion ofProject 3, one user of
switched OSl trial service much preferredSMOS over
switched 051, because it waseasy to use and appeared to
be a dedicated facility.

Project 5 - Broadband ISDN/ATM
The intentofthis project wasto provide a flexible

trialsystemthat would demonstrate the benefits ofATM,
explore broadband operations, administration, mainte­
nance, and provisioning (OAM&P) issues,and test the
marketability of BISON services. Weset out to:
- Demonstrate AT&Tscommitment to broadband as a

provider ofcurrent and future technology,
- Demonstrate the advantages of BISON, specifically inte­

grationofservices and overall flexibility,
- Provide a flexible ATM prototype platform to be used in

the field to test the marketability ofpotential BISON
ATM-based applications and services,

- Identify customerneeds that will drive the BISON prod­
uct technical service requirements and helpthe local­
exchangecarriers (LECS) formulate service tariffs,

- Gain a better understanding ofhowto manage a BISON
network (OAM&P),3

- Identify key issues associated with providing and pro­
visioning ATM equipment, and

- Provide inputto the evolving BISON standards.
AppIIc8tIons, Cepabilltl........ Interfece.. To

achieve our stated objectives, AT&T and US WEST
defined a set ofdesiredcapabilities forProject 5.The
AT&T BISON trial systemsupported the targetedend­
user applications shown inTableII.The traffic ofthe tar­
geted applications wascharacterized either as variable-

Phase 1

-- OS3

-- OS1

D Office building
with users

Pecos

Orchard Management Opus II
system

California

itself, a viable service. Datausers expectintegrated,
automatic callsetup to simulate the operational ease of
dedicated lines. Videoconierencing users wantthe full
flexibility to dialup bandwidth at specific rates lower
than the full OSl rate.The availability ofswitched frac­
tional T1 service (also known as nxOSO switching) in the
5ESS switch has supercededthe need for a separate, full
T1 switching product.
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bit-rate (VBR) burstydata traffic, or constant-bit-rate
(CBR) traffic. It wastransmitted overconnection-oriented
virtual circuits that could be established as permanent
virtual circuit (pvc) or switched virtual circuit (SVc)
connections.

Voice andvideo conferencing capabilities were
provided usingcommercially available video codecsand
svc circuit emulation with ATM. Multiple rates could be
supported, including 0S3 and OS1, and both point-to-point
calling and conference (upto fourparties) calling were
available. Participants in a conference callcould select
either a split-screen view ofallpartieson the call, or a
full-screen view ofanyone participant. Avoice-activated
audio systemallowed anypartyto be heard without man­
ualactivation.

Voice and video conferencing incorporated a
high-resolution graphicscapability. The user could send
screen imagesand files to other users.SMOS connection­
less dataservice provided the graphicsdata transportfor
the multimedia service.

An SMOS connectionless datacapability cansup­
portapplications such as CAD/CAM/CAE, medical image
networking, and LAN interconnect applications. In the
BISON trialsystem, this wasprovided by a connectionless
service function in the BNS-2000 nodeand an SMOS termi­
naladapterat the customerpremises. The SMOS connec­
tionless service function in the BNS-2000 nodeterminated
connectionless protocols and routedcellsto a destination
user according to routing information included in user
cells. Connectionless dataservice between user inter­
faces wassupported by connection-oriented virtual chan­
nelsat the ATM layer, which wereestablished between

Figure 2. Project 3 - Switched DS1 trial architecture. AT&T's
DAC5-IV, controlled by a specially programmed applications
processor, was used to supply switched DS1 service. Users
Initiated DS1 calls with a standard ISDN telephone set.

the user-network interfaces and the BNS-2000 connection­
less servernode.

BNS-2000 interconnection wasprovided as a VBR
service inwhich the 0S3 sMos-formatted ATM cellswere
translated intoBISON ATM cellsto statistically multiplex
them ontoa synchronous optical network (SONEr) link at
the user network interface. A BNS-2000 sourcenode
could route VBR traffic across the BISON trialsystem, over
PVCs, to a destination BNS-2000 node.

The systememulated generalCBR circuits, such
as OS1 and 0S3 private circuits, usingeither PVCs or svcs,
These circuits carrieddata, voice, or video information.

Atthe user network interface, the systemcon­
nectedSONEr and ATM layers. This provided the potential
of interworking with other vendors' equipment at these
protocol levels.

Hlgh-Deftnltlon Dlst8nce Learning AppIlc8tIon. The
first application tested in Project 5 supported high­
definition distance learning. The application createdvir­
tual classrooms for radiology internsrotating among
three hospitals in Minneapolis. This teaching environ­
mentallowed lecturers to showhigh-resolution 35­
millimeter slides, andX-ray and magnetic resonance
imaging (MRI) scans; point and annotate during the lec­
ture; see and hear students in the other two remote
classrooms on monitors; and use an electronic white­
boardfordrawing and writing. Internscould see high-
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Frame relay

Figure 3. Project 4 ­
Integrated SMDS/
frame relay services.
A single AT&T
BN5-2000 supported
both frame relay and
SMDS users.

SMOS

Router

Router

1.5 Mbits/s

45 Mbits/s

LAN Interconnect node

OSlorOS3
(802.6 trunk)

to other
BN5-2000

resolution images locally and remotely; enjoy high­
quality, clearaudio communication; interact with lectur­
ers byspeaking, pointing, or annotating; andfeel as if
theywere allsitting in the sameclassroom.

Real-Time Manufacturing Proce.. Control. The
second application tested in Project 5 wasa high­
performance network that interconnected Honeywell's
Sensorand System Development Center, the Minnesota
Supercomputing Center, and the University ofMinne­
sotaComputing Department. The trialused a SONET/
ATM real-time, priority-based control network to intercon­
nectcommercial ATM LAN hubs/switchesat 155 Mbits/s,
which is the optical carrier,level 3 (OC-3) rate.This appli­
cation required appropriate traffic specification and sup­
portoftraffic delivery basedon deadlines defined by the
user.The trialsupported multiple PVCs with two levels of
priority and a single physical SONET end-point. End-to­
end delivery ofsensor information wastested underdif­
ferent network conditions. To emulate various network
conditions, traffic loads weregenerated from numerous
sites,and performance datawascollected.

System Archnecture. Given the necessity to pro­
vide a flexible broadband platform whenfew broadband
products wereavailable, muchofthe hardware and soft­
ware integrated intothis systemwereprototypes.

The functionality ofthe system waspartitioned
among several interconnected subsystems (seeFig-
ure 4).These subsystems included the ATM switch, gen­
eralterminal adapter, narrowband service module, node
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processor, support processor, video/audio bridge, BNS.
2000 node, SMDS terminal adapter, and ISDN CPE.

AlM switch. The ATM switch interconnects the
various generalterminal adapters, andother SONET­
basedswitches, bytransporting and switching ATM cells
on the basisoftheirvirtual circuit identifiers (VCIs). The
switch subsystem is a self-routing ATM cellswitch that
supports the 48+5 octetATM cellformat. The switch,
which terminates the ATM layerprotocol on a SONET Syn­
chronous Transport Signal, level 3 concatenated (STS-3C)
on each port,performs switching basedon the VCI value.
In addition, the switch provides a control interface to the
support processor (sp) subsystem forOAM&P. The ATM
switch is a prototype multistage alternate routing switch
(MARS) three-stage Benesnetwork.

General terminal adapter. Primarily, general termi­
naladapters adaptvarious standard interfaces to the
BISDN user network interface, set up pathsbetween line
interfaces and the user network interface in response to
signaling messages from the support processor, andpro­
vide someOAM&P functions in cooperation with the sup­
portprocessor. The generalterminal adapters in the
BISDN trialsystemsupport interfaces for DS1, DS3,
DS3/802.6, basic rate interface, and SONET STS-3C.

Narrowband service module. The narrowband service
module contains a local processor, a switch fabric entity,
andservice circuits that provide narrowband switching.
Based on the prototype ISDN switch used in Project 2, the
narrowband service module terminates and switches B



Table II. Project 5 Applications, Capabilities, and Interfaces

Customer System Infonnation Traffic Network
need capability type characteristics connection

Voice Voice or voice Voice CBR SVC
conferencing Signaling CBR PVC

Video Video conferencing Video CBR SVC
Voice CBR SVC
Signaling CBR PVC

Multimedia Point-point video Video CBR SVC
point-to-point conferencing Data VBR PVC
conversational withSMDS Voice CBR SVC

data connection Signaling CBR PVC

Multimedia Multipoint video Video CBR SVC
multiparty conferencing with Data VBR PVC
conversational SMDSdata Voice CBR SVC

connection Signaling CBR PVC

IAN interconnect SMDS Data VBR PVC

BNS-2000 BN5-node trunking Data VBR PVC
interconnect

Circuit emulation DSI, DS3 circuit Data CBR PVC

SONEf/ATM SONET Data VBR PVC
networking

channels from externally connected basic rate interface
sets, and provides audio conferencing for those channels
overinternal audio bridgecircuits. The narrowband ser­
vice module terminates the Dchannel signaling ofthe
ISDN CPE, and switches the associated B channels
througha nonblocking, time-slot interchanging fabric, as
directed by the nodeprocessor.

Node processor. The node processorprovides call
processing for the BlSDN trialsystem andOAM&P func­
tions for itself, the narrowband service module, and the
video/audio bridge. All switched services requested by
customers ofthe BISDN trialsystemare managed bythe
nodeprocessor. The nodeprocessorreceives service
requestsfrom ISDN CPE stimulus signaling, anddirects
connection orders to the appropriate switch fabrics (nar­
rowband service module orATM network) and service
circuits (video/audio bridge) in the network.

Support processor. The support processorprovides
the OAM&P interface forthe generalterminal adapters,

ATM switch, nodeprocessor, narrowband service mod­
ule, andvideo/audio bridge. The oAM&Pfunctions sup­
portedby the supportprocessor include the graphic user
interface, text input parser, spooler, logger, alarm han­
dler, database, audits, download, initialization, statemon­
itor, diagnostic/maintenance, andmeasurements. The
support processoralsocontains the BISDN connection
manager, which is responsible forestablishing and tear­
ingdown PVCs and SVCS acrossthe general terminal
adapters andATM switch. The connection manager is
responsible forVCI assignment, bandwidth management,
andconnection setup.

Video/audio bridge. The video bridge consists ofan
analog baseband video conference circuit, an audio con­
ference circuit, a video switch, andfourDS3 codecs. The
video quadboxcombines fourvideo images intoa single
image by placing each input image ina quadrant ofthe
output. Using the feature button ofthe ISDN CPE to
reconfigure the video switch, eachconference participant
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Figure 4. Project 5 - BISDNjATM trial architecture. This
flexible ATM prototype platform simultaneously supported
two broadband applications: hlglHleflnltlon distance learn­
Ing, and real-time manufacturing process control.

canchoose to view either the four-quadrant composite
image or the full-screen image ofanysingle conference
participant. The audio portion, gatheredfrom the confer­
enceparticipants, is mixed togetherandbroadcast to all
participants overthe audio bridge.

BN5-2000. The BN5-2000 node, alsoused in Pro­
ject4, is a high-speed network switch that supports SMDS
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dataservices. The accessunits in the BN5-2000 node pro­
vide standard 802.6 interfaces. The BN5-2000 backplane is
designed to operate at 200 Mbits/s, providing high­
performance connectionless routing.

SMDS terminal adapter. The SMDS terminal adapter
(TA) provides the interface from a customer's Ethernet
fiber-distributed datainterface IAN to the DS3 802.6-based
SMDS link.

ISDN CPE. The AT&T ISDN 7507 Display Terminal
set is a signaling end-point that the trialsystem customers
use to makecalls andactivate features. The number of
assigned features and the way theyare provisioned are



determined by the systemadministrator, whouses the
support processorto assignand remove features.

TrI.1 Ev.lulltlon. Because the Project 5 trialis still
under way, notallthe results are known. However, pre­
liminary feedback from USWEST and its customers
indicates that:
- Video quality wasjudgedto be verygood, because

DS3 rates weresupported in the trial.
- Audio quality wassuperiorto previous trials, because

full-duplex, 15-kilohertz audio with echocancellation
wasprovided.

- Customer documentation (system administrator's
guide, and inputmessages/outputmessagesmanual)
waswell organized and useful.

- The electronic sourceused to produce papercopies
ofthe customerdocumentation wasalsoused to pro­
vide an on-line, hypertext version on the supportpro­
cessor,allowing the customerimmediate access to
resolve anyquestions.

- The graphical user interface, which wasbuiltusing
AT&Ts display construction set, provided "point­
and-shoot" maintenance andstatus at the network,
site,frame, and circuitpacklevels. It alsoprovided
accessto ORACLE database forms, measurements
graphics, and on-line, hypertext documentation.
(ORACLE is a registeredtrademark ofOracle Corpo­
ration.) This feature wastime-efficient and enjoyable
for the craftto use.

- The hardware in the ATM switch, narrowband service
module, andgeneral terminal adaptersis completely
self-provisioned, including drawing the circuitpacks
in the appropriate locations on the graphical user
interface views. This reduces the timerequired to
provision the system.

Conclusions
The information gained and lessonslearned

from the COMPASS program havebeen rewarding. With­
out having to commit to long-term, expensive develop­
mentsand service offerings, AT&T and US WEST have
been ableto explore many potential offerings forbroad­
band services. The decisions to go aheadwith develop­
mentandservices havebeen basedon information
gained relatively inexpensively andquickly, thus
improving the quality ofproducts that AT&T bringsto
the market, as well as the services that US WEST offers
its customers.
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